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Testing Weapons in Space 


Would a more permissive weapon-testing regime than is set forth 
in the Antiballistic-Missile Treaty be in the U.S. interest? Reviewing 
the rationale of the treaty’s provisions helps to answer the question 


hen the U.S. and the U.S.S.R. 
were working out an agree- 
ment to restrict antiballistic- 


missile (ABM) systems in the late 
1960’s and early 1970’s, American 
negotiators recognized that a treaty 
merely banning the deployment of a 
nationwide ABM system would not be 
enough. In the absence of addition- 
al restrictions—on developing, testing 
and manufacturing ABM-system com- 
ponents—the Soviet Union could easi- 
ly produce and stockpile the compo- 
nents for later deployment. Indeed, if 
the Soviet leadership ever decided to 
break out of the treaty, the U.S.S.R. 
could have rapidly established an ex- 
tensive ABM system. Hence, American 
negotiators wanted an agreement that 
prohibited the Soviet Union not only 
from deploying a nationwide ABM sys- 
tem outright but also from position- 
ing itself to deploy one quickly. 

At the same time the American ne- 
gotiators did not want to restrict ABM 
research unduly. Many federal govern- 
ment officials wanted the U.S. to con- 
tinue seeking new and possibly better 
approaches for defending the nation 
against nuclear attack. ABM-related re- 
search was also needed in order to 
help the U.S. assess Soviet technology 
and prepare military responses in the 
event the Soviet Union ended up de- 
ploying a nationwide ABM system. In 
addition, some ABM technologies were 
useful for other military purposes. 
The negotiators therefore had to be 
careful about where they drew the line 
separating permitted and prohibited 
ABM-related activities. 

The question of where exactly to 
draw such a line is once again at the 
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center of Soviet-American arms-con- 
trol talks; this time it has to do with 
the development and testing of mil- 
itary technologies that can find po- 
tential application in space-based ABM 
systems. The Reagan Administration, 
having established the Strategic De- 
fense Initiative (SDI) specifically to in- 
tensify the exploration of such tech- 
nologies, naturally wanted to shift the 
line toward increased permissiveness. 
The matter was left unsettled, howev- 
er. To understand the fundamental 
conflict that underlies the question, it 
helps to go back and review the pur- 
pose of the original negotiations on 
limiting ABM systems. 


today) that no treaty could realis- 

tically ban ABM research. For one 
thing, it is not possible to distinguish 
between ABM and non-ABM research. 
For another, it is not possible to verify 
what goes on inside Soviet laborato- 
ries. And besides, the U.S. itself stood 
to benefit from an active ABM research 
program of its own. For these reasons 
American negotiators pressed for lim- 
its on the engineering development 
and testing of ABM components—but 
not on scientific research—in addition 
to strict limits on the deployment of 
ABM systems. 

Actually, the development and test- 
ing limits had to cover more than just 
ABM-system components; they had to 
apply as well to other military sys- 
tems having a significant degree of 
technological kinship to ABM systems, 
such as antisatellite (ASAT) systems 
and weapon systems for defending 
against enemy aircraft and_ short- 


[: was clear 20 years ago (as it is 
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range battlefield missiles. Modified 
versions of such systems can have 
potential application in an ABM de- 
fense. Similar concerns held for radars 
and other key sensors in systems that 
provide warning of missile attacks, 
track objects in space, monitor weap- 
on test ranges and collect intelligence. 
In the absence of limits that apply to 
the development and testing of such 
technologies, the Soviets could sur- 
reptitiously acquire an ABM capabili- 
ty in the guise of pursuing some oth- 
er military mission and thereby “leak 
out,” rather than break out, of the 
treaty regime. 

The final product of the negotia- 
tions—the 1972 ABM Treaty—explicit- 
ly recognizes both the breakout and 
leakout problems. Article I of the trea- 
ty obliges each side not only to refrain 
from deploying a nationwide ABM de- 
fense but also “not to provide a base 
for such a defense.” Article VI forbids 
giving non-ABM systems “capabilities 
to counter strategic ballistic missiles 
or their elements in flight trajectory” 
and forbids testing them “in an ABM 
mode.” Such general legal prohibi- 
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tions, however, can be implemented 
only after they have been translated 
into specific technical rules. 

The 1972 treaty (which is still in 
force) does supply some technical 
specifics, but most of them apply to 
the ABM technologies of that era, 
which consisted primarily of ground- 
based radars for tracking reentry vehi- 
cles and ground-based nuclear-tipped 
interceptor missiles for destroying 
them. The negotiators of the treaty 
were well aware that ground-based 
radars and interceptors were not the 
only technologies of potential rele- 
vance to an ABM defense. Space-based 
lasers, particle-beam generators, in- 
frared sensors and most of the ad- 
vanced technologies currently under 
intensive study in the SDI program had 
already been proposed for ABM mis- 
sions by 1972—and in most cases a 
good deal earlier. Yet the negotiators 
believed that detailed questions of in- 
terpretation pertaining to such tech- 
nologies could best be answered if 
and when they advanced to the point 
where either side grew concerned 
about the other’s breakout or leakout 
from the treaty. 

The U.S. has not only sought to con- 


strain Soviet breakout and leakout 
potential in the formulation of techni- 
cal rules; it has also sought to give its 
own ABM program enough leeway to 
collect the data needed to determine 
whether the U.S. ought to continue 
abiding by the treaty or deploy an ABM 
defense. Because one set of rules— 
applying equally to the U.S. and the 
U.S.S.R.—must balance the threat of a 
rapid deployment of an ABM system 
against the need to explore ABM-relat- 
ed concepts, the two objectives can 
occasionally come into conflict. 
Indeed, such a conflict has arisen in 
connection with the development and 
testing of space-based weapon sys- 
tems. Officials in the Reagan Adminis- 
tration, fearing that the formulation of 
a new set of interpretative rules could 
effectively kill the SDI program, re- 
fused to enter into technical discus- 
sions with the Soviets. Instead they 
aggressively advocated a “broad inter- 
pretation” of the treaty that allowed 
unrestricted testing of advanced ABM 
components in space. Soviet officials, 
for their part, argued that the research 
of space-based ABM systems should be 
limited along with their development 
and testing—a position that is also 


inconsistent with the original ABM 
Treaty. President Bush now has to 
grapple with the issue his predecessor 
left unresolved. 

Resolution of this issue is essential 
to the continued viability of the ABM 
Treaty. Designers of ASAT systems and 
space-based sensors, both in the U.S. 
and the U.S.S.R., need to know how the 
treaty’s limits apply to their work. An- 
alysts monitoring compliance with the 
treaty need to know how to recognize 
a violation. And Congress and the U.S. 
public need to be reassured that the 
treaty is being heeded responsibly. 

Clarification of the ABM Treaty’s lim- 
its on advanced military technologies 
could be pursued during the coming 
years in formal arms-control negotia- 
tions between the U.S. and the U.S.S.R. 
Yet formal agreements are not neces- 
sary: the sDI Organization and its ex- 
ecutive- and legislative-branch over- 
seers could instead state informal- 
ly which types of space experiments 
they view as permitted and which as 
prohibited—in effect setting an exam- 
ple for the Soviets to emulate. As long 
as both sides are satisfied that the 
other is following a reasonable inter- 
pretation of the ABM Treaty, the issue 


ZENITH STAR LASER TEST, planned for the mid-1990’s as part 
of the U.S. Strategic Defense Initiative (SDI) program, is meant 
to evaluate the weapon potential of space-based chemical la- 
sers. In the test an orbiting hydrogen fluoride laser will di- 
rect its beam at orbiting targets. Some observers maintain 
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that the Zenith Star test contravenes the 1972 Antiballistic- 
Missile (ABM) Treaty, which explicitly forbids tests of ABM-sys- 
tem components based in space. The spI Organization, how- 
ever, plans to test the laser as an antisatellite (ASAT) weapon, 
which does not fall directly under the purview of the treaty. 


need not stand in the way of other 
arms-control agreements. 


owever the clarification of the 

limits on testing space-based 

weapons is pursued, it will 
need to be based on the technical facts 
and on a sense of the range of alterna- 
tives. In spite of its attempt to under- 
mine the traditional interpretation of 
the ABM Treaty, the Reagan Adminis- 
tration pledged that the U.S. would 
continue to abide by it. As traditional- 
ly interpreted, the ABM Treaty forbids 
any test of a space-based weapon that 
entails intercepting a strategic ballis- 
tic missile in flight. Such a “full-up” 
ABM test is illegal whether the weap- 
on is a homing interceptor missile, a 
high-energy laser, a particle-beam gen- 
erator or any other type of weapon. 
The treaty’s ban on full-up ABM test- 
ing of space-based weapons applies no 
matter what the technical character- 
istics of the weapon are: there is no 
threshold of weapon “strength” below 
which such tests would be permitted. 
ABM weapons can be legally tested on 
the ground, but such testing has to be 
carried out at a designated ABM test 
range. In many cases ground-based 
testing is fully adequate to obtain the 
technical data necessary to determine 
a space-based weapon’s feasibility. 

Nevertheless, the traditional inter- 
pretation has loopholes that allow 
tests of space weapons to be conduct- 
ed in such a way that many of the 
technical features of an illegal full-up 
ABM test can be replicated. In a “lofted 
mode” test, for example, the weapon 
that intercepts the ballistic-missile 
target is not placed in a stable orbit 
around the earth. Instead it is boost- 
ed into a suborbital trajectory so that 
it can spend a few minutes in space 
while the test is conducted and then 
reenter the atmosphere. Although the 
weapon is in space only briefly, its 
position and velocity in relation to the 
target can be nearly the same as ina 
full-up test. 

In fact, the U.S. has announced plans 
to test ABM interceptor missiles in a 
lofted mode. Officials of the sp1 Or- 
ganization argue that if the weapon 
is carried into space by a booster 
launched from a designated ABM test 
range it should be considered ground- 
based and not space-based—even 
though it is being designed as part ofa 
system to be deployed in space. Be- 
cause tests of ground-based ABM sys- 
tems are allowed (even under the tra- 
ditional interpretation of the treaty), 
the U.S. can maintain that its planned 
interceptor test will not contravene 
the testing limits of the treaty. Yet 


if this loophole in the treaty re- 
mains open, a space-based interceptor 
can be legally tested in the lofted 
mode until it has achieved full ABM 
capability. 

Interceptor missiles can readily be 
tested in the lofted mode, but power- 
ful chemically pumped lasers (which 
have been proposed as space-based 
weapons) are too unwieldy and expen- 
sive to be boosted into short-lived 
suborbital trajectories. Still, another 
loophole in the traditional interpreta- 
tion of the ABM Treaty can be exploited 
to test such a laser in space without 
violating the letter of the treaty. Al- 
though the traditional interpretation 
bans the testing of ABM systems in 
space, it does not ban the testing of 
ASAT systems in space. 

It is therefore perfectly legal to per- 
form weapon tests in an “ASAT mode,” 
in which an orbiting weapon inter- 
cepts an orbiting target. The Soviet 
Union has tested interceptor space- 
craft in that mode for well over a 
decade, and the U.S. intends to con- 
duct an ASAT-mode test of a large 
hydrogen fluoride laser weapon in the 
mid-1990’s under the code name Ze- 
nith Star. An ASAT-mode test can easily 
be made to simulate an ABM-mode test 
by having the target “satellite” fire a 
rocket thruster during the test so that 
it mimics a strategic ballistic missile 
in the boost or post-boost phase. 

Weapon tests in the ASAT mode, un- 
like those in the lofted mode, are limit- 
ed to a certain extent by the ABM Trea- 
ty. The provision against leakout con- 
tained in Article VI of the treaty sets an 
implicit threshold above which ASAT- 
mode testing would be illegal, because 
it prohibits endowing non-ABM weap- 
ons such as ASAT systems with an ABM 
capability. The Zenith Star space laser 
may or may not exceed that threshold: 
it all depends on what constitutes “an 
ABM Capability.” 


thresholds might in principle be 

defined for lasers, rocket inter- 
ceptors and particle-beam generators 
that are tested in space for nominal 
ASAT or air-defense systems but that 
are potentially applicable in ABM sys- 
tems as well. For example, the rate at 
which a space-based laser weapon can 
destroy targets at a given range—and 
hence its inherent ABM capability—is 
determined in large part by its bright- 
ness: the power of the light emitted by 
the laser divided by the angular size 
of the diverging cone into which the 
laser’s pointing mirror can focus the 
beam. An upper limit on the bright- 
ness of lasers in space might therefore 


[: is not difficult to imagine how 
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serve as a viable constraint on the ABM 
capability of such weapons. 

The American Physical Society’s 
Study Group on the Science and Tech- 
nology of Directed Energy Weapons 
suggested that even a missile boost- 
er “hardened” to withstand laser illu- 
mination would suffer relatively rapid 
structural damage if it were exposed 
to an incident energy flux in excess of 
300 kilowatts per square centimeter. 
At a typical ABM interception range of 
2,000 kilometers, delivery of such a 
flux requires a laser having a bright- 
ness greater than about 102? watts per 
steradian. Brightnesses of such mag- 
nitude are unlikely to be achieved 
soon; to date the most powerful chem- 
ical lasers (which are ground-based) 
are reported to have a brightness of 
some 10!’ watts per steradian. 

Certainly if the U.S.S.R. were some- 
day to test lasers of 102% watts per 
steradian brightness in space, the 
U.S. would have to worry about the 
Soviets attaining an ABM capability 
through breakout or leakout—even if 
they maintained that the lasers were 
designed for ASAT systems. Actual- 
ly, American defense analysts would 
be concerned if the Soviet Union 
put lasers having a good deal less 
brightness in space: the current U.S. 
strategic nuclear forces, consisting 
of Minuteman and MX/Peacekeep- 
er intercontinental ballistic missiles 
(ICBM’s) as well as Poseidon and 
Trident submarine-launched ballistic 
missiles (SLBM’s), are not hardened 
against laser damage. In addition, a 
Soviet space-based laser might come 
within less than 2,000 kilometers of a 
U.S. missile in some scenarios of poten- 
tial military concern. Hence, the bright- 
ness threshold for concern is closer to 
10)!” than to 102? watts per steradian. 
Presumably Soviet calculations would 
lead them to the same conclusion 
about U.S. lasers in space. Thresholds 
of ABM capability for other types of 
weapons can be similarly defined. 

Although single-parameter thresh- 
olds may be technically elegant and 
intuitively appealing, in practice they 
are problematic. The ABM potential of 
a space-based laser depends not only 
on its brightness but also on its wave- 
length, on the supply of laser-pump- 
ing energy on board its space platform 
and on other factors. Moreover, the 
acquisition, pointing and tracking sys- 
tems that direct the laser beam to 
targets are themselves characterized 
by an array of physical parameters 
that directly affect a space-based la- 
ser’s ABM Capability. 

Another major difficulty in negotiat- 
ing weapon thresholds is their verifi- 
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ORBITING 
WEAPON —==— 


FOUR MODES of testing a space weapon are treated differently 
by the ABM Treaty, in spite of the fact that they can—to a cer- 
tain extent—be made to replicate the same test conditions. In 
a “full-up mode” ABM test (a) a weapon in stable orbit inter- 


cation. Each party to the ABM Treaty 
should be able to assure itself that 
the other party is complying with the 
agreement. If brightness thresholds 
are to be the basis for judging trea- 
ty compliance for space-based lasers, 
each side must have some method of 
measuring the brightness of the oth- 
er’s test lasers in space. 

The U.S. and the U.S.S.R. could de- 
ploy a constellation of satellites capa- 
ble of detecting laser beams, but it 
would be unlikely for one side’s sat- 
ellites to be in line with the beam 
of the other side’s space laser at the 
time it was tested. Intelligence sensors 
would instead have to collect laser 
energy scattered by the focusing mir- 
ror, space junk, the test target or the 
earth’s atmosphere. Further informa- 
tion might come from other types of 
sensors capable of detecting the com- 
bustion products of the chemically 
pumped lasers (which are released 
into space) or the electromagnetic em- 
anations of electrically pumped lasers. 
The physical size cf a space-based 
laser’s optics (which determines the 
solid angle of its beam) could be meas- 
ured from the ground or from space 
by making images of the laser assem- 
bly while it is illuminated by sunlight, 
another laser’s light or radar. 

Although all of these verification 
methods are technically feasible, none 
is foolproof and all are expensive. It 
has taken the U.S. several decades and 
many billions of dollars to acquire 
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all the sensors it currently employs 
to monitor Soviet ABM systems and 
offensive-missile forces. Comparable 
amounts of time and money might 
be necessary for verifying the Soviet 
Union’s adherence to new threshold- 
based rules for the ABM Treaty. 

Yet another weakness of thresholds 
in setting treaty-compliance rules is 
that a space weapon might be tested 
below the threshold and yet be modi- 
fied to achieve a greater capability. If 
such upgrading turns out to be rela- 
tively easy, then threshold-based limi- 
tations provide an insufficient “buff- 
er” period in which to respond to a 
rapid breakout or leakout: the only 
buffer left is the time-consuming proc- 
ess of deployment itself. 


s traditionally interpreted by 
the U.S., then, the ABM Treaty 
prohibits full-up ABM tests of 
space weapons entirely, does not re- 
strict lofted-mode testing and permits 
ASAT and air-defense testing up to a 
currently undefined threshold. Clear- 
ly, one key task for the U.S. and Sovi- 
et technical specialists discussing the 
treaty’s testing rules should be to de- 
fine some threshold for ASAT and air- 
defense testing. 

A more important task would be to 
determine whether ASAT-mode test in- 
terceptions of targets equipped with 
rocket thrusters should be permitted 
at all. Ordinary satellites, which would 
be the intended targets of a true ASAT 
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BALLISTIC 
MISSILE 


cepts a strategic ballistic missile in flight. In a “lofted mode” 
test (b) the intercepting weapon is launched on a suborbital 
flight; it is technically not “based” in space. In an ASAT-mode 
test (c) both weapon and target are placed in orbit. In an air- 


weapon system, fire their thrusters 
only intermittently and at low thrust 
levels. Banning ASAT-mode test inter- 
ceptions of thrusting targets would 
therefore constrain the development 
only of ABM systems, not ASAT sys- 
tems. (Of course the two superpowers 
might want to limit the development 
of ASAT weapons, but that would re- 
quire a new treaty.) 

Also, consideration should be given 
to closing the lofted-mode loophole 
entirely. The testing of ABM systems at 
designated test ranges, as allowed by 
the ABM Treaty, was intended to per- 
mit testing of ground-based compo- 
nents only. Yet ABM-capable weapons 
that are tested in the lofted mode are 
generally intended for deployment in 
a space-based, not a ground-based, 
configuration. 

Finally, any agreement clarifying the 
ABM Treaty’s strictures should also 
include measures that make it easier 
to verify that both sides are in fact 
adhering to the agreed limits. In gener- 
al it is preferable to frame the limits 
embodied in an arms-control treaty in 
terms of testing practices rather than 
numerical thresholds of a weapon’s 
capability, because testing practices 
are more easily verified. 


ather than simply clarifying and 
updating the traditional inter- 
pretation of the ABM Treaty, U.S. 


and Soviet negotiators could decide to 
replace it with new agreements. Such 


c THRUSTING 


defense-mode test (d) the weapon is aimed at an aircraft in 
flight or an instrumented target on the ground. The traditional 
reading of the ABM Treaty forbids the testing of any type of 
weapon in a full-up mode but does not restrict lofted-mode 


agreements could be either more re- 
strictive or more permissive than the 
1972 treaty. In either case, the negotia- 
tors would still have to balance the 
two fundamental goals of the original 
treaty: to preserve a buffer against the 
rapid breakout or leakout of an exten- 
sive ABM system while allowing the 
exploration of new technology for ABM 
defense and other related military 
missions. 

A more restrictive approach might 
begin with the banning of ASAT-mode 
weapon tests in space entirely—even 
against nonthrusting targets. Such an 
agreement would curtail the develop- 
ment and deployment of space-based 
ASAT systems as well as space-based 
ABM systems. (Ground-based ASAT sys- 
tems and space mines would presum- 
ably be still allowed.) It would also 
obviate the need to define thresholds 
and thereby ease verification. 

Even if the superpowers are unwill- 
ing to ban all tests of space weapons, 
they might at least agree to new and 
intrusive means of verifying compli- 
ance with existing restrictions as con- 
tained in the ABM Treaty. In the case of 
space weapons, an agreement to facili- 
tate verification might require the an- 
nouncement and description of space 
tests before they actually take place 
and even the prelaunch inspection of 
one another’s test payloads. 

Another alternative would be to ban 
nuclear reactors in space. Such a ban 
would greatly impede the develop- 
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ment of many types of space-based 
beam weapons, because there are no 
ready alternative sources of energy 
for the large amounts of power such 
weapons require. Civilian planetary 
space probes and low-power nonreac- 
tor nuclear-energy sources would be 
exempt, although they might be sub- 
jected to inspection before launch to 
ensure that they could not serve as 
part of a weapon system. 

At the other extreme, a much more 
permissive approach to development 
and testing of weapons in space might 
be entirely consistent with the ABM 
Treaty’s original purpose. This would 
be the case if it could be shown that 
the time required for final deployment 
provides an adequate buffer against 
rapid attainment of a space-based ABM 
capability. In other words, deploying 
an effective ABM system in space may 
ultimately require so much time as 
to make breakout impossible, even if 
the system’s components have already 
been developed and tested. 

In fact, the ABM Treaty embodies 
such a view with regard to the devel- 
opment and testing of fixed ground- 
based ABM systems. Tests of such sys- 
tems are not heavily restricted (as long 
as they are carried out at agreed test 
ranges), apparently because treaty ne- 
gotiators believed the deployment of 
an effective ground-based ABM system 
would be so conspicuous and time- 
consuming that if one side broke out 
of the treaty and began to deploy such 
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tests if the weapon is launched from an agreed ABM test range. 
Weapon testing in space in the ASAT and air-defense modes are 
also allowed, as long as they do not exceed an unspecified 
threshold beyond which they are regarded as “ABM capable.” 


a system the other side would have 
ample time to respond. 


an a case be made that com- 

parable freedom to develop and 

test space-based ABM systems 
would also preserve an adequate buff- 
er against breakout and thereby re- 
main consistent with the ABM Treaty’s 
main purpose? If so, then an agree- 
ment that permits extensive space 
testing while maintaining an absolute 
ban on deployment could be justified 
without recourse to the dubious legal- 
istic reasoning of the Reagan Adminis- 
tration’s broad interpretation of the 
ABM Treaty. 

Under such an agreement, each 
side could be allowed to establish 
an agreed orbital test range where it 
could perform tests of space weapons 
in the full-up ABM mode. There are 
many ways such a test range could be 
defined, but the simplest would be for 
each side to specify the parameters 
defining a particular orbit: altitude, 
inclination, longitude and time of as- 
cending node. The orbital test range 
could consist of a single space struc- 
ture placed in the specified orbit. All 
test weapons would then have to be 
docked with the structure. A more 
practical scheme would merely re- 
quire that all weapons involved in ABM 
tests be clustered together, say, within 
a spherical volume having a 50-kilo- 
meter radius in the specified orbit. 

Because the open purpose of such 
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an orbital test range would be to serve 
as a setting for realistic testing of 
ABM-system components, the range 
should be situated at the altitude 
where the components would prob- 
ably be deployed, some 500 to 700 
kilometers above the earth. Its orbit 
would be inclined so that it passed 
over each side’s ICBM and SLBM test 
ranges and ground-based ABM test 
ranges. The number of weapons al- 
lowed at the orbital test range would 


RADAR AT KRASNOYARSK, rising from its site in the U.S.S.R.’s 
interior, stands in violation of the ABM Treaty, which requires 
that all such radars be situated on the country’s periphery and 
face outward. That requirement was intended to make it dif- 
ficult for either the U.S. or the U.S.S.R. to “break out” or “leak 
out” of the treaty. In this context, breakout is the rapid deploy- 
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be limited, however, so that the range 
did not itself pose an ABM threat to the 
other side. All test interceptions in the 
full-up ABM mode would have to be 
performed from the range, and no 
weapon tested at the range could ever 
be deployed anywhere else. Each side 
could then station intelligence satel- 
lites near the other side’s orbital test 
range to reassure itself that the range 
posed no breakout threat. 

There is little in such an arms-con- 
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trol agreement to hinder the full de- 
velopment and testing of components 
of a space-based ABM system—by ei- 
ther side. Viewed from the perspec- 
tive of U.S. negotiators, then, such an 
agreement would be in the country’s 
national security interest only if it 
would take a long time for the Soviets 
to deploy an ABM defense after break- 
ing out of the agreement. During that 
time the U.S. could beef up its own 
deterrent forces, deploy ASAT weap- 


ment of a nationwide ABM system by one side after it has de- 
cided to abrogate the treaty; leakout is the surreptitious up- 
grading of legal ASAT, air-defense or missile-warning systems 
so that they acquire an illegal ABM capability. Similar break- 
out and leakout constraints will need to be imposed on future 
ABM technology in order to maintain the integrity of the treaty. 


ons to shoot down the defense sys- 
tem’s satellites, build its own ABM de- 
fense or enact other countermeasures 
to nullify the Soviet defense. 

Just how quickly could the Soviet 
Union deploy a space-based ABM sys- 
tem once it had decided to break out 
of the agreement? The Soviet Union’s 
capacity to launch payloads into or- 
bit establishes a lower limit on the 
time required for deployment. Unfor- 
tunately, this minimum time could be 
quite short, at least for a first-genera- 
tion defense of limited capability. 

A study by the congressional Office 
of Technology Assessment supplies 
a reasonable, if indirectly applicable, 
standard by which to measure the So- 
viet Union’s breakout potential. The 
study estimates that the deployment 
of the first-generation “Phase I” sys- 
tem favored by the U.S. spI Organiza- 
tion would entail launching payloads 
with a total mass of between one and 
two million kilograms into an inclined, 
low earth orbit. Yet the U.S. Depart- 
ment of Defense predicts that the So- 
viet Union will be capable of placing 
one million kilograms per year into 
low earth orbit by the early 1990’s and 
almost two million kilograms per year 
by the turn of the century. Almost all 
of this lift capacity is accounted for by 
the new Energia launcher, which has 
an estimated payload of as much as 
100,000 kilograms. 

If the Soviets were able to launch 
Energia boosters at the rate foreseen 
by the Defense Department and if they 
freely developed and tested compo- 
nents of a space-based ABM defense, 
then clearly the U.S. would be guar- 
anteed no more than a few years of 
buffer time against a Soviet break- 
out deployment of a first-generation 
space-based ABM system similar to the 
U.S. spDI’s Phase I. For the Soviets the 
buffer against a U.S. breakout would 
be much longer, since the U.S. does 
not have a heavy-lift launcher compa- 
rable to the Energia. 

Unless U.S. government officials 
have strong reason to believe that the 
Soviet Union could not in fact deploy a 
fully developed ABM defense ina short 
time, there are only three alternatives 
that could ensure the U.S. a reason- 
able buffer period against a Soviet ABM 
breakout. The first is simply to stick 
to the traditional interpretation of the 
ABM Treaty, which effectively hinders 
the Soviet Union from completing de- 
velopment of space-based ABM weap- 
ons by banning tests of space-based 
ABM-system components. 

The second possibility is to nego- 
tiate limits on launch capacity along 
with the establishment of agreed or- 


CLARIFY THE TRADITIONAL INTERPRETATION OF THE ABM TREATY 


Confirm that the testing of any type of space-based weapon system ina 
full-up ABM mode is forbidden. 


Confirm that simulated or attempted interceptions in space are also banned. 


Confirm that the same rules apply to the boost-phase interception of both 
strategic and nonstrategic missiles. 


Determine whether lofted-mode weapon tests are permitted or prohibited. 


Determine whether ASAT-mode weapon tests against thrusting targets are 
permitted or prohibited. 


Determine the threshold at which weapons tested in the ASAT and air-defense 
modes are “ABM capable.” Confirm that weapons exceeding the threshold are 
not allowed to be tested in space. 


Determine the threshold at which space-based ASAT and air-defense systems 

attain an ABM capability or create a base for rapidly establishing an ABM 

pila Confirm that the deployment of systems exceeding the threshold is 
anned. 


Agree to forbid specified types of interference with verification (telemetry 
encryption, for example) during tests of space weapons in all allowed modes. 


Agree to require that tests of space weapons in all allowed modes be carried 
out from or along customary ICBM and SLBM test ranges and agreed ABM test 
ranges or from space weapons passing over those ranges. 


NEGOTIATE A MORE RESTRICTIVE REGIME 


Agree to most or all of the points listed above. 
Agree to forbid all lofted-mode weapon tests. 


Agree to forbid all ASAT-mode weapon tests against thrusting (and per- 
haps even nonthrusting) targets. 


Agree to forbid all air-defense-mode tests. 


Agree to announce and describe tests of space weapons before they actually 
take place. 


Agree to allow prelaunch inspection of specified payloads connected with 
tests of space weapons. 


Agree to ban nuclear reactors in space except those on civilian spacecraft, 
which would be subject to prelaunch inspection. 


NEGOTIATE A MORE PERMISSIVE REGIME 


Define orbital test ranges at which each country can carry out its tests of 
space weapons. 


Agree on the number and types of space weapons that can be tested at an 
orbital test range. 


Determine which types of tests are prohibited in space except at an orbital 
test range. 


Agree to certain measures that facilitate monitoring of activities at an orbital 
test range. 


Agree that all test targets are to be launched along customary ICBM and SLBM 
test ranges or agreed ABM test ranges. 


Agree to forbid tests of components of deployed space-based ASAT or air- 
defense systems in a full-up ABM mode. 


Determine the threshold at which space-based ASAT and air-defense systems 
attain an ABM capability or create a base for rapidly establishing an ABM 
defense. Agree to ban deployment of systems exceeding the threshold. 


Agree to limit heavy-lift launch capability in order to preclude the rapid de- 
ployment of a space-based ABM system. 


Prepare unilateral countermeasures as needed to ensure effectiveness of of- 
fensive-missile force, given the increased risk of breakout and leakout associ- 
ated with a permissive weapon-testing regime. 


THREE APPROACHES to negotiating an agreement to limit the testing of ABM-related 
weapons in space differ in the strictness of the limits. The goal is to craft mutually 
acceptable restrictions that allow a reasonable amount of research and testing of 
ABM concepts while ensuring to each side a “buffer” period long enough to enact ef- 
fective countermeasures if the other side breaks out or leaks out of the agreement. 
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ENERGIA LAUNCHER affects the ABM Treaty’s capacity to hinder a Soviet break- 
out. It is thought that a single Energia launcher can place 100,000 kilograms into 
low earth orbit. (The U.S.’s most capable launcher—the space shuttle—has a maxi- 
mum payload of about 25,000 kilograms.) Given that capability, a first-generation 
space-based ABM system could in theory be deployed by the U.S.S.R. fairly rapidly. 


bital test ranges. These limits might 
focus on the number of launch pads 
for heavy-lift boosters; the size of 
launcher-assembly buildings connect- 
ed to the pads by rail or heavy-duty 
road; the capability for manufacturing 
and transporting the enormous rocket 
stages of a heavy-lift launcher; and the 
number and size of facilities for pro- 
ducing, transporting and storing liq- 
uid-hydrogen fuel. 

The third alternative is to com- 
pensate for the eroding buffer by de- 
ploying (or making preparations to 
deploy) countermeasures to possible 
Soviet ABM systems. The U.S., for ex- 
ample, could build more offensive 
missiles or abandon certain targeting 
plans that critically rely on the unim- 
peded passage of nuclear missiles. 


undefined thresholds and the du- 
bious interpretations, the U.S. and 
the U.S.S.R. will probably continue to 


[: spite of the open loopholes, the 
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find it in their national security inter- 
est to keep the ABM Treaty regime 
intact. The reason is simply that nei- 
ther side currently knows how to build 
missile defenses that are technically 
and militarily attractive. Nevertheless, 
the ABM Treaty’s rules on the develop- 
ment and testing of military technolo- 
gy do require periodic revision as the 
technology changes. It seems likely 
that such updating, in particular with 
regard to space weapons, will figure 
prominently in superpower arms-con- 
trol negotiations in the coming years. 

In discussions of such technicalrules 
and definitions it is important to rec- 
ognize that there is considerable lati- 
tude for drawing the line between per- 
mitted and prohibited ABM-related ac- 
tivities. On the one hand, development 
and deployment of a space-based ABM 
system relying on current technology 
would be an inherently conspicuous 
and time-consuming process. Neither 
side need worry that the other could 
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break out of the treaty regime and 
quickly deploy a system that is more 
than a nuisance. It can be reasona- 
bly argued on those grounds that the 
rules governing the development and 
testing of space weapons can safely be 
made fairly permissive. 

On the other hand, all of the crucial 
technical work bearing on the feasibil- 
ity of advanced ABM concepts can be 
accomplished for the time being with- 
out extensive space testing, within the 
traditional interpretation of the 1972 
ABM Treaty. (Indeed, elaborate space 
tests of exploratory technology can 
be a waste of money.) For that reason 
it can also be reasonably argued that 
the rules might as well be made fair- 
ly restrictive. 

There is also no particular urgen- 
cy to the discussions, since few ad- 
vanced ABM technologies are truly ap- 
proaching significant military capabil- 
ity today. Although many technologies 
will be explored by the U.S. as part of 
the SDI program, few—if any—of the 
concepts on today’s spDI briefing charts 
will survive to the stage of serious 
preprototype development. Compre- 
hensive and precise technical rules 
covering all types of lasers, particle- 
beam generators, interceptors and 
sensors will not be necessary soon. 

Nevertheless, a consensus between 
the U.S. and the U.S.S.R. to pursue se- 
riously the updating of the ABM Trea- 
ty would demonstrate that the super- 
powers understand the technical and 
military basis of this important arms- 
control agreement, and it might even 
help in their negotiations to reduce 
offensive nuclear weapons. It is prob- 
ably more important to clarify the 
line between permitted and prohibit- 
ed ABM-Trelated activities than to draw 
it at a certain place. 


FURTHER READING 

DIRECTED ENERGY MISSILE DEFENSE IN 
SpAcE. Ashton B. Carter. Office of 
Technology Assessment, OTA-BP-ISC- 
26, U.S. Government Printing Office, 
April, 1984. 

REPORT TO THE AMERICAN PHYSICAL SO- 
CIETY OF THE STUDY GROUP ON SCI- 
ENCE AND TECHNOLOGY OF DIRECTED 
ENERGY WEAPONS in Reviews of Mod- 
ern Physics, Vol. 59, No. 3, Part I; July, 
1987. 

THE STRUCTURE OF POSSIBLE U.S.-SOVIET 
AGREEMENTS REGARDING MISSILE DE- 
FENSE. Ashton B. Carter in On the Defen- 
sive? The Future of SDI. Edited by Jo- 
seph S. Nye, Jr., and James A. Schear. 
University Press of America, 1989. 

DEFENDING DETERRENCE: MANAGING THE 
ABM TREATY REGIME IN THE 21ST CEN- 
TurY. Edited by A. H. Chayes and 
P. Doty. Pergamon-Brassey, in press. 


Corp. 9-104-F © Monsanto Company 


“The whole of 
science is nothing 


more than a, 


“Td give my co 
arm for aC 
that wont en 


It’s a basic science lesson that’s largely overlooked: if 
you want to make an impact with your inventions, don’t bury 
your nose in the laboratory until you've put your finger on 
the pulse of the consumer. 

At Monsanto, anticipating demand and combining it with 
patentable discovery is not only encouraged, it’s rewarded. 
Monsanto's Edgar M. Queeny Award honors the develop- 
ment of proprietary technology that leads to commercial 
success and, this year, carries a $160,000 prize plus 
individual gold medallions. 

We're proud to present the 1989 Queeny Award to 
RandolphC. Blyth, David P. Floyd, Paul E. Sikorskiand Pompelio 
A. Ucci for the discovery and development of Wear-Dated® 
Carpet’s patented, fiber-applied locked-in stain resistance — 
a quantum leap towards the ultimate goal of a stain-proof 


—Mom 


carpet. And a breakthrough that Monsanto offers millions 
of carpet customers. From a net revenue of essentially zero 
in 1986 to projected sales in the hundreds of millions for 


Sikorski 


Ucci Floyd Blyth 
1988, their discovery resulted in the most successful 
product launch in Fibers Division history. 

All due to the ongoing work of four dedicated scientists 


with enough vision not to overlook our M 
onsanto 


simple, everyday needs. 
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